In this work, we report extraction of the density-of-states (DOS) in polymer-based organic thin film transistors through the multi-frequency capacitance-voltage method (MFM). Extracted DOS is implemented into a TCAD simulator and obtained a consistent output curves with non-linear characteristics considering the contact resistance effect. We employed a Schottky contact model for the source and drain to fully reproduce a strong nonlinearity with proper physical mechanisms in the output characteristics even under a very small drain biases. For experimental verification of the model and extracted DOS, 2 different OTFTs (P3HT and PQT-12) are employed. By controlling the Schottky contact model parameters in the TCAD simulator, we accurately reproduced the nonlinearity in the output characteristics of OTFT.
I. Introduction
Due to flexibility, uniformity, and cost of organic materials, organic semiconductor thin film transistors (OTFT) have been under active development in last years for improved performance as a material for electronic appliances. It is also known to be easy to fabricate the organic semiconductor materials due to their simple structure and low temperature process. Especially, solution-based process allows printing or coating process for the fabrication. Because of these benefits, OTFT is expected to be very promising devices for e-papers and portable/wearable applications.
In this work, report the density-of-states (DOS) in polymer-based organic thin film transistors extracted through the multi-frequency capacitance-voltage method (MFM) [1] . Extracted DOS is implemented into a TCAD simulator by the C-interpreter method. For the poly (3-hexylthiophene) (P3HT) and poly (3,3''' -didodecyl quaterthiophene) (PQT-12) as organic materials, we obtained a consistent transfer (I DS -V GS ) and output (I DS -V DS ) curves with non-linear characteristics and contact resistance effect. In the simulation, we included the effect of contact resistance by the Schottky contact model parameters on the source and drain electrodes.
II. Structure and Fabrication of OTFTs
The fabricated organic thin film transistor has a bottom gate and bottom source/drain contact as shown in Fig.1(a) and (b) .The P3HT or PQT-12 for the active layer is deposited by the ink jet printing process at room temperature. The thickness of the OTFT has a gate insulator (SiO 2 ) T ox =300 nm, the active layer's thickness T active = 30 nm, the channel width W=120 µm, and the channel length L=12 µm.
III. Experimental Result and Discussion
We extracted a donor-like DOS through the multi-frequency C-V method. The extracted donor-like DOS is shown in Fig.2 and summarized in Table 1 . In order to verify the result, current-voltage characteristics are simulated by TCAD simulator from Silvaco. Using a C-interpreter, we implemented the extracted donor-like DOS from the OTFTs into the TCAD simulator.
We also note that there is a strong nonlinearity in the output characteristics even at very small drain biases (V DS ). This experimental observation of the nonlinear characteristics is common in OTFTs and caused by the large contact resistance at the source and drain [2] . In order to include this experimental nonlinearity of OTFTs in the TCAD simulator, we considered the contact resistance effect.
For the current-voltage characteristics, the channel carrier mobility and current models are also required for the TCAD simulation [4] . We included the hopping mobility model, 
TD1-H-3
=5.2x10 5 cm/s [3] . Controlling υ surf as a fitting parameter, the Schottky contact resistance has been changed to fit to the I-V characteristics especially for the strong nonlinearity in the linear region under a small drain bias.
By implementing the experimentally extracted DOS parameters, shown in Fig.2 and Table I , into the TCAD simulator, transfer and output characteristics of are shown in Fig. 3 for P3HT and Fig. 4 for PQT-12 polymer-based OTFTs. We note that the simulated I-V characteristics with DOS parameters obtained from the MFM agrees well with experimental data. This consistent result for the OTFTs with a strong nonlinearity in the linear region is mainly from inclusion of the non-linear contact resistance effect on the source and drain.
IV . Summary
In this work, we reported experimental characterization of DOS in polymer-based OTFTs and its implementation into the TCAD simulator through a C-interpreter. We used the MFM method for the extraction of the DOS in OTFTs. We employed a Schottky contact model for the source and drain to fully reproduce a strong nonlinearity with proper physical mechanisms in the output characteristics even under a very small drain biases. We 
